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Fig.1

1 ACCA GTGATCTCTA TGCCCGAGTC TCAACCCTCA ACTGTCACCC CAASGCACTT GGGACGTCCT GGACAGACCE
75 AGTCCTGGGA AGOCCCAGCA CTGCOGCTGC CACACTCOCC TGAGCCCAAA TGGGGGAGYG AGAGGCCATA GCTGTCTGGC
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Northern blot (lanes 1-3) of 10 ug of oligo~dT selected RNA from
human 293 cells (fibroblasc cell line), placenta and spleen hyLiidised
vith the TMF receptor cNHNA (Smal-EcoRl fragment). Thae Southern blet
(lanes 4-6) was hybridised with cthe same proLe. Human genomic DNA

(5 ng per lane) vaa digasred vith Pacl(lana &), Hind 111 (1ana S) and
EcuRI (lane 6)
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Effects of soluble TNF-R on TNF binding and biological activiey.
Panel A shows the effects of aupernutunts frum Cus=? cwlls cranxfecced
with a ¢DXA encoding a solubla form of the INF receptor (pTNFRecd, closed
circles) or mock transtected (open circles) on L251=TNF binding to V937
cells. Panel B shovs the effects of these suparnatante on TXF mediatad
killiog of WEHI 165 (clone 13) line. .8says were performed ss described
in Materiale and Methodc
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EQLYPEPTIDE_AND _ITS USE

The present invention relates to recombinant pretains
and their use.

_Tumour necrosls factorea (INFa) is a potent cytokine
vhich elicits a hroad spactrum of biological responses.
THFa causcs the cytolysis or cytostasis of many tumour cell
lines Jn yitxo, induces the haemorrhagic necrosis of
transplanted tumours in mice, enhances the phagocytosis and
cytotoxicity of polymorphonuclear neutrophils, and
modulates the expression of many proteins, inoluding
lipoprotein llpase, class I antigens of the major histo-
compatibility complex, and cytokines such as interleukin 1
and interleukin €. TNPa appears to be necessary for a
normal immune response, but larqi quantities produce
daramatic pathogenic effects. TNFa has been termed
"cachactin® since it is the predominant factor reasponsibla
for the vasting syndrome (cachexia) assocoiatod with
neoplastic diseass and parusitemla. TNF is aleo a major
contrihutar to toxicity in gramenegative sepsis, since
antibodies against TNP can protect infected animals.

The many activities of TNPa are mediated by binding to a
cell surface receptor. Kadioligand bindaing studies have
confirmed the presence of TNF receptors on a wide variaty
of cell types. Although these receptors are oxpresccd in
iimited numbers (1,000 - 10,000 receptors/cell), they bind
TNFa with high affinity (Xa = 109M~1 at 4°C). The TNF
receptor has been characterised as a 65,000-80,000 dalton
glycoprotein which binds both TNFe and the structurally
related lymphotoxin (TNFS). Lynmphotoxin has similar, 1if
not identical, biological activities toc TNPa, presumably
becauss both ars recoynized by the same receptor.
Recently, sevaral laboratories have detected heterogeneity
in TNP roccptor preparations, and have proposed that at
least tv distinct cell surface m 1 cules bind T™NFa. In
addition, both of thaesa recept rs appear to be released

LD 600d L i : SSRUWI LN3LUd £pipl v6-L0-95C
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from cells in soluble form, as TNF binding proteina of
30,000 daitons have been isolated from both urine and serum

(1-3).

This soluble extracellular domain retains the
capacity to bind ligand with high affinity.

We have now expressed a polypeptide which corresponds to

the extracellular domain of a human TNFa racaptor.
Purther, thio polypoptide is secrsted as a soluble protaein
and is capsble of binding human TNPa. The polypeptide can
therefore be used in the treatnent of disorders whers TNFa
has a significant causative rola.

Accordingly, the prasent invention provides a
polypeptide having the amino acid sequence (I):

o> % 0 H 2 H

QT OO0 >™ux

v ®

- < QgWwanw

c 7T

H L G

L I - B I )
e X H = Q%
0O X8 X < B X 9w %

K L .

M ZOrono

R EXRDSVCPY¥QGZ K Y
I ¢ ¢ T XCHXGT VYL Y
Q DT DCREGCEG S8 G 6 F
R HCL S8CSKCRIXKTEHN
C TV NDRDTTV CGCRK
8 E N L F QCF NG S L C
S ¢C QB RQNTVCTCH
N E CV 3 C S NCKXKX S L
P 1

or a derivative thereotf to which human TNFa is capable of
binding and vhose amino acid sequence has a degree of
honology of 90% or more with the sequence (I).

The invention also provides a DNA sequence which encodes

this polypeptide.

cTG
cce
ACC
ccG
ACC
TGC
GAC
TAT
cTC

The DNA sequencs may be:

CTC CCT CAC CTA GGG GAC AGG GAG AAG AGA GAT AGT GTG TGT

CAA
AAG
[~
CeT
CGA
CGG
Tce
AAT

40 918d

GGA AAA TAT
TGC CAC AMA
CAG GAT ACG
TCA GAA AAC
AAG GAA ATG
GAC ACC CTG
ACT CAA AAC
GGG ACC GTG

ATC CAC CCT CAA AAT AAT TCG ATT T6GC TGT
GGA ACC TAC TTG TAC AAT OAC TGT CCA aac
GAC TGC AGG GAG TGT GAG AGC GGC TCC TTC
CAC CTC AGA CAC TGC CTC AGC TGC TCC AMA
GGT CAG GTG GAG ATC TCT TCT TGC ACA GTG
TGT GCC TGC AGG AAG AAC CAG TAC CGG CAT
CTT TTC CAGC TCC TTC AAT TGC AGC CTC TGC
CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC

L 0N SSSRI INILUd 144141
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GTG TGC ACC TGC CAT GCA GGT TTC TTT CTA AGA GAA AAC GAC TCT
GTC TCC TGT AGT AAC TGT AAG AAA AGC CTG GAG TGC ACG AAG TTG
TGC CTA CCC CAG ATT

The invention further provides a vector which
incorporatas a DNA sequence of the invention and which is
capable, when provided in a transformed hoat, af axpressing
the polypeptide of the invention encoded by tha DNA
sequence. A host transformed with such a vector forms part
of tha presant invention too.

In tho acoompanying drawings:

Tigure 1 shows the nuclectide sequence of the human TNPa
cDNA and encoded amino acid seguence. The predicted signal
sequence residues are numbered -40 to -l. The '
transmembrane domain is boxed and potontial N-linked
glycosylation sites are uverlined. The sequence homologous
vith the dasignad oligonucleotide probe is found at
nuoleotide positions 477-833.

rigure 2 is a Northern blot (lanes 1-3) of 10ug of
011go-dT selected RNA from human 293 cells (fibroblast coll
line) (lane 1), placenta (lane 2) and spleen (lane 3)
hybridised with the TNP receptor cDNA (8mal-BcoRI -
tragment). 7The Southern blot (lanus 4-6) vas hybridizsed
with the sanoc probe. Human ganomic DNA (5 ug per lane) was
digested vith Pstl (lane 4). Hind III (lane 5) and EcoRI
(lane 6). A _

Figure 3 shovs the binding characteristics ot
recombinant human TNF receptor oxpreased in COS-7 calls.
The direct binding of recombinant 135I-TNFa to CO8-7 cells
transfected with DXTNFR is presented in panel A. The inset
containe sScatchard analysis derived from this data. As
shown in panel B, monolayers of Cooc-7 cells transfectad
vith TNF=K CUNA vere incubated with inM 1231-INP in the
presence of various concentrationa of unlabelled TNF or LT.

Pigure 4 sh ws the eff cts of coluble TNF-R n TNF
binding and bi logical activity. Panel A shows th eff cts

(oo 11ed pTL DN SS3ULE LN3LUd .
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of supernatants from Cos=~7 cells transufucted with a cDNA
encoding a molubhla fora of tha TNPF receptor (pTNFRecd,
closed circles) or meck transfected (open circles) on
1387.TNF binding to US37 cells. Panel B shows the sffects
of thase supernatants on TNF mediated killing of WBHI 164
(clone 13) line. Assays vere performed as descrided in
Materials and Methods. o
In order to odbtain a derivative of the polypeptide of
tha invention, the amino acid sequence shown above may be
modified by one or mors amino acid substitutions,
insertions and/or deletions and/or by an extension at
either or each end. A polypeptide composed of such a
modified saequence must of course still be capablae of

binding human TNPa.. Typically a medified polypoptido hao a

binding atfinity for human TNPa of 10’M~1 or greater, for
axanple 108M~1 or greater. The affinity may be rrom 10’ to
10101"1, for example from 108 to 10941, When the
unsodified amino acid sequence shown above is nodified
there is a degree of homology of 90% Or more or 95% or more
batvaen the modified and unnodified sequenca.

Por example, one or more amino acid residucs of the
sequence above may be substituted oz deleted or one or more
additional amino acid residuvas may be inserted; provided
the physiocochenical character of the original sequence is
pressived, i.e. in texrms of charge density, hydrophobicity/
nydrophilicity, size and configuration. Candidats
substitutions are, based on the one~letter code (Bur. J.
Biochem. 128, 9-37, 1904): ’

A for G and yigce versa,
VbyA, LorG:

R by R7

S by T and vice versa;

E for D and yice yersa; and
Q@ by N and vlce versa.

LCO-C10d vCL "ON SS3A3 LMLV Sp:vt
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Up to 13 residues may be desleted from the N-terminal of
the polypeptide, for example up to 11 residues or up to 3
vesidues. As far as extensions are concerned, a short
sequence of up to SO amino acid residues may be provided at
either or each terminal. The saquance may hava up to 130,
for oxample up to 20 or up to 10, amino acid residues. Up
to 12 residues, for example up to 9 residues or up to S
reaidues, may be added to the C-terzinal of the polypeptide
intheorder E N V X ¢ T B D 8 6 T T.

Alternatively, a much longer extension may be precent.
Longer amino acid sequences may be fusad to elther or each
end. A chimaaric protein may thersfora be provided in
vhich the or each extension is a heterologous amino acid
sequence, i.e. a sequence not naturally linked to the amino
acid sequence above. Such a chimaeric protsin nmay
theresfore combina the ability to bind spaecifically to human
TNFe vith another functionality.

The polypeptides are prepared by rscomblnant DNA
technology. The preparation of tha polypeptidas tharaefora
depends upon the previaien of a DNA scquence oncoding tho
polypeptlde. DONA coumprising the nucleotide sequence shown
above nay be obtained by probing a human placenta CDNA
1ibrary, for exampla a Agt1l library. Such a library is
available from Clontech. A suitable probe is:

MG GAG ATG GGC CAG GTT GAG ATC TCT TCT ACT GIT GAC AAT GAC
ACT GTG TGT GG .

A nodified form of the nucleotide sequence shown above,
a polypeptide having the saino acid sequence shown above or
a derivative polypeptide, may be obtained by use of any
appropriate technique, including restriction with an
endonuclease, insertion of linkers, use of an sxonhuclease
anda/or a polymerase and site-directed nutagenesis. Whether
a » dified DNA sequenc encodes a p lypeptida of tha
invention can be r adily ascertained. The polyp ptide
ancoded by the sequenca can be expressed in a suitabl host

LR E10d pTL 0N SSLT LN31Ud vl
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and tested for its ability to bind specifically human TNFa.

For sxpression of a polypeptide of the invantion, an
expression vector is constructed. An expression vector is
prepared vhich coaprises a DNA sequence encoding a
polypeptida of tha invention and which is capable of
expressing the polypeptide vhen providaed in a suitable
host. Appropriate transcriptional and translational
control elements are provided, including a promoter for the
DNA sequence, a transcriptional termination site, ana
translational start and stop sodene. The DNA sequence is
provided in the correct frame such as to enable expression
of the polypeptide to occur in a host compatible with the
vecter. '

The expression vector ie then provided in an appropriate
host. Cells harbouring the veotor are grown suv as to
snable expression to occur. Tha vector nay be a plasmia or
a viral veotor. Any appropriate host-vector systen may be
employed,

Tha transformed host may be a prokaryotic or aukaryotic
host. A bacterial or yeast host may be employed, for
sxample E, coll or 8, serevisiae. Insect cells can

- alternatively bs used, in which case a baculovirus

exprassion system nmay be appropriate. As a further
alternative, colls of a mammalian cell line, such as
Chinese Hanster Ovary (CHO) Cells may be transformed. A
polypsptida glycosylated at one, two or three of the sites
shown in Pigure 1 can be obtained by suitable choice of the
host cell culture.

The polypeptide or the invention can be isolated and

'purltiod. The polypeptide is soluble. It can ba employsd
in the regulation of TNP-mediated responsss by binding and

sequestering the cytokine. The polypeptide can thersefore
be used tharapsutically to treat disordaras aiuch as
cachexia, s pais and aut immune diseases such as rheunatoid
arthritis.

L0 v 10d L O SS3I LNILUd Spivl
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For this purpose, a polypeptide of the present inventioen
may ba formulated in a pharmaceutical composition. The
pharmaceutical composition also comprises a
pharmaceutically acceptable carrier or diluent.

The polypeptide of the invention may be adninlstered to
a patiant by any convanient route.

an oral route or a parsnteral route, such as subcutaneous,
Intravenous or intramuscular adminiatration, is adopted; of
tha dosa:! and of the frequency of administration depends
These factors include tha

upon a variety of factors.
purpose of the administration, ths age and veight of the

The choice of whether

o ey
~

patient being treated and the condition of the patlent.
Typically, hovaver, the polypeptide is administered in an
anount of from 1 to 1000 ug per dose, nore preferably from
10 to 100 gg per dose, foxr each route of administration.
The invention further provides a protein wnich has the
anino acid sequence of the extracellular domain of a human
TNPa receptor, or a derivative thereof to which human TNPa

1s capable of binding, £or use in a method of trestment of

the human or animal dody by tharapy: espaecially for use in
the treatment of an autoimmuno disease in which TNFa plays
a significant causative role, such as rheumatolid arthritis.
The aextracallular domain of a TNFa receptor, or a
dorivative thereof capable of binding human TNFa, may
therefore be used to treat rheumatoid arthritis. The
axtracsllular domain, or a derivative thereof, oI either of
the two structurally distinet human TNF receptors may be
used. A suitable polypeptide has the amino acid sequence

(1X)

- X O XO
0 o0

Ll0,510d

v
1}
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T Q<QXORD
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$§ € 8 N C X X L X
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or a derivative thereof to which human TNTra is capable of
binding.

Tho amine acld sequence of an extracsllular domain such
us ssquence (II) shown above may bes modified by'cnc or more
amino acid substitutions, insertions and/or deletions
and/or by an extension at eithar or each erd. A
polypeptide composed of such a modified sequence must of
course still be capable of binding human TNFa. Typlically a
modified polypeptide has a binding affinity for human TNFa
of 1074”1 or greater, for example 108Nl or greater. The
affinity may be from 107 to 101%4°1, for example froem 103
to 10°%~1, when the unmodified amino acid sequence shown
above is nodified there is a degres of honmology of 90% or
more or 95% or more between the modified and unmoedified
sequence.

Por exampla, ona ov mora amino acid residues of the

C P T L RENUEOCV
S T XL CLUPAQTIE

o Ne

- scquonce above may be substituted or deleted or one or more

additional amino acid residues may be inserted; provided
the physicochenical charactar of the original sequence is
preserved, i.e. in terms of charge density, hydrophobicity/
hydrophilicity, sisze and configuration. Candidate
sudbstitutions are, based on the one~-letter cods (Buc. J.
Biochen. 138, 9-37, 1984):

A for G and vicqg versa,

Vby A, L or G;

X by R:

8 by T and yice verea:

E for D and yice versas and

Q by N and vica versa.

Up to 1S5 residues may be added to the N-terminal of the
polypeptide, for example up to 11 residues or up to 5
residues. As rar as xtensions are concerned, a short
sequence £ up to 50 amino acid residues may be provided at

LB 910d PCL 0N SS3dX3 INILUd Lyivt
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either or each terminal. The sequence may have up to 3o,
for example up to 30 or up to 10, anino acid residues. Uip
to 12 residues, for example up to 9 residues or up to 8
reajduas, may be deleted from the C-terminal of the
polypeptide. '

~ For this puxpose, a polypeptide may be formulated in a
pharmaceutical composition. The pharmaceutlcal composition
aleo coaprises a pharmaceutically acasptable oarrier or
ailuent. The polypeptide is typically a recombinant
polypdptidl in pure form.

The polypeptide may be administered to a patient by any
convenient route. The choice of whether an oral route or a
parintorll route, such as subocutancous, intravenous or
intranuscular administration, is adopted; of the dose; and
of the frequency of administration depends upon a variety
of factors. Thooo factors include the purpose of the
adninistration, the age and weight of the patient being
treated and the condition of the patient. Typically,
hovever, the polypeptidea is adminiatarad in an amount of
from 1 to 1000 ug per dose, more proferably from 10 to 100
g per dose, for each route of administration.

The following Example illustratas the invention.

BXAMPLE
1. Materials and Mathods

Raagsnto

Recosbinant human TNFa and TNP§ vere supplied as highly
puriried proteins derivea from L, £oll. The spuclitle
activities of these preparations vers approximately 107
unite/ng, ac measured in tho murine L939 cell cytotoxicity
assay. The synthetioc oligonucleotides were prepared by
Osvel DNA Service (University of Edinburgh).

Isolation of TNE raceptor CDNA clones
The sequence £ a peptide fragment (EM G Q VEISST

LCBLTRd L s SSRIKT  LNILUd arivt
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VDRDTV CG) of the TNF binding protein was used to
design a synthetic oligonuclectide probe (3* AAO GAG ATO
GGC CAG GIT GAG ATC TCT TCT ACT GTIT GAC AAT GAC ACT GTG TGT
CGC=3'). The 57-mer DNA probe vas labelled with 32p and T4
polynucleotide kinase (New Englend Diolab, Deverly, MA) and
used to soreen a placenta CDNA library in Agtio (4,9).
Approximately 800,000 phage vere transfarred to
aitrocellulose filters and soreened at reduced stringency
(6). Filters were incubated for 3 hours at 432°C in 0.035M
sodiun phosphate, PH 6.5, 20% rformamide, 0.75 X sodium
chloride, 0.075 N sodium ocitrate, 1% polyvinyl pyrrolidona
(Sigma, 8t Louis, M0), 1% Piooll, 1% bovine derum albumin
(Sigma), and S0 ng/ml sonlcated salmon sperm DNA (Sigma).
The radiolabelled proba was then added to the filters (10°
opn/nl final concentration) which were hybridized for 16
hours. Pilters were washed extensively in 0.06M sodiunm
chloride, 0.006M sodium citrate, 1% 8DS at 37°C and
positive clones vers identified by autoradiography. Ten
hybridising clones were plaque purifiocd (4) and eDNA insert
size was determined by polyacrylamide gel electrophoresis
of EcoRI digested phage DNA. The inserts of two CDNA
olones wore soquonced ueing the dideoxy chain texrminatien
technlique (7).

Scutharp and Northern biot Analysis

DNA was isolated from human lymphooytes by the method of
Blin and Stafford (8) and used for Southern blot analysis
(9). DNA vas digested vwith restriotion endonucleases (New
England Biolabs), fractionated on a 1% agarose gel, and
transferred to nitrocellulose. Hybridisation and waehing
were conducted under stringent conditions (5) using a 32p-
labelled preparation of a 600 bp fragment of tha TNF
Teosptor cDNA. Northern blot analycioc wac performad (10)
on 0ligo=dT s lected RNA is lated from human placenta,
splean (ganarously provided by the Cooperative Human Tissue
Network, Birminghanm, AL) and a fibroblast ¢ 11 line (393
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cells). Folloving electrophoresis on a formaldehyds 1.23%
agarose gel, the RNA was transferrsd to nitrocellulosa and
hybridiged vith the TNP receptor DNA probe under stringent
conditions.

Yaznalian cell expression of thq human TNP regeptox and

derivativas -

The coding region of the majority of the hunan INF
receptor was isolated as an EcoRl fragment and cloned into
a manmalian cell expression vector (11), resulting in -
plasaid PrINFR. The ECORI fragment encodes 374 aminu acids

of the TNF receptor: the 81 carboxyl terminal residues of e
the cytoplasnmio dowain are thorefore missing from this . R

plasnid construction. A dQerivative of the TNF receptor was
produced by engineering a termination codon just prior to
the transmembrane domain. The polymerase chain reaation
(PCR) technique (12) was used to generate a 300 bp
restriction rragqment containing a BgIII site at the 5' emd
and a HindIII site precaded by a TAG stop codon at the 3'

5' AGTTCAAGCTTTTACAGTGCCCTTAACATICTAA. The PCR product was e
gel purified and cloned into the TNF receptor expression
plaosnid (dasoribed above) digested with BgIII and RindXIX.
DNA sequencing confirmed that the resulting plasmid
(pTNFRecd) contained the designed UNA sequence.
The TNF receptor expression plasmids were trancfacted
into monkey CO0S-7 cells using Lipofectin (Glboo BRL,
Bethesda, MD) according to the nanutacturer's lnuttnéLlunl.
Cells vere cultursd in Dulbacco's modified Eagla's medium
containing 10% fetal calf serum.

Analvsis of recombinant TNF racaptor darivatives

TNPa was radioiodinated with the lodogon mothod (Plerce)
acc rding to the manufacturer's alrectlions. The specific
activity of the 123I-TNFa was 10-30 sCU pug. COS cells
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transtected with the TNr receptor cDFA (DITNFR, 1300 bp
EcoRI fragment) wers incubated for 24 hours and then seeded
into six well tissue culture plates (Nunc) at 4.8 x 108
Colls per well. The cells wvers incubated for a further 48
heurs nqd then receptor exprassion was quantitated by
radioligand binding for 3 hours at 4°C. Nonespecitic
binding of 125z-1NFq vas determined in the presence of a
1,000 fold molar excess Of unlabelled TNFa. Binding data
vas analysed by tha mathed of Scatchard (13).

The TNF roocptor dorivative was analysed for inhibition
of 1381.1Nra binding to the natural receptor on human U937
cells. Culture gsupernatant was harvested 72 hours after
CO8 celle were transfected with pTNFRecd. U937 calla (2 x
108 cells in 200 41) were incubated vith 1nM 125z-rNPa and
dilutions of COS cell media for 2 hours at 4¢°C. Cellu wvers
then centrifuged through 20% suorose to remove unbound
TNFe. Non specific binding vas determined in the presence
of 1uM unlabelled TNPa.

The TNF receptor derivative was also analyzed for
inhibition of TNFa cytotoxic effects in vitra. The
cytotoxicity assay was performed as described on the TNP
sensitive cell 1ine WEHI 164 clone 13 (14). Serial
dilutions of supernatants from COS ce)la transfected with
PTNFRecd or mock transfacted controls were incubated with a
constant amount of TMPa (1 ng/ml) fur 1 hour at 27°C before
addition to tha assay.

2. BESULTR :
Isglation and characterization of the TNF receptor CDNA
A partial amino acid sequence of the TNF binding protein
was used to design a synthetic oligonucleotide probe. The
radiolabelled probe was used to scresn a human placenta
cDNA library in thzo and ten hybridizing phage ware
isolated. The nucleotide and deduced amino acid soquencea
£ the longest CUNA clone are d picted in rigure 1. The
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thizrd potentisl ATG initiation coden occurs at position 156
of the nucleotide sequence; the Lirst two ATG codons are
closely folloved by termination codons, and the third ATG
is preceded by the best translation initiation consensus
nucleotides (15). The CDNA encodes an open reading frame
of 1365 bases vhich codas £or & polypeptide or 43> -
residues. Both of the peptide sequences determined by
amino avid sequencing were identified in the encoded oDNA
(17 of 19 and 18 of 19 matching residues). The amino
terminal end identifisd for the TNF binding protein
corresponds to the cDNA sncoded sequence baeginning at
residue 41. The first 35 anino aclds are generslly quite:
hydrophobic and probably rapresent a signal saquences.
Rooiduce 38-40 are highly charged (DREKR) and such a
sequence is not typically found in secretory signel
sequences (16)! pernaps the nNatural receptor is processed
by proteclysis after residua 40 which contains a dibasio
cleavage site (KR). Hydropathy analysis of the protein

sequence predicts a single transmembrane domaln of 23 aminv

acids. This hydrophobic saquenca divides the protein into
an extracellular domain of 171 residues and a cyteplasamic
donain of 221 residues. The aminc acid composition
deterained for the TNF binding protein (2) corresponds vall
with the predicted composition of the extracellular domain
sncoded by the cDNA (results not -houn). The discrepancy
between the predioted receptor size (40,000 daltons) and
the size deternined by SDSepolyacrylamide gal
electrophoresis (65,000 dasltens, 17-19) ie probably due to
glycosylation) there are four potentlel N-linked
glycosylation sitas in the sequance, three of which are in
the extracellular demain. The sequence contains a large
number (16) of cysteine residues, 24 of which are in the
xtrac llular demain. The arrangement of thesa cysteine ig
similar t that of s voral oth r o 11 surface proteins,
suggesting that th TNI receptor ims structurally related to
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A Northern blot analysis is presented in rigure 2. The
J2p-labelled cDNA hybridized to a single predominant band
of oligo-aT selected RNA froa human plecenta or spleen. A
ninor larger transcript vas also observed in RNA froa a
fibroblast cell line. The size of the hybridizing species
is 2400 bases, in good agreemant with the eise of isolated
CONA. Also shown Iln Figure 2 is a Southern blot of human
genomic DNA hybridized with a 60U Dp probe froa the CDNA.
In each of the three different restriction digests, only a
single hybridized signal vas observed. Thus the TNP
Teceptor that we have isclated appeazrs to be encoded by a
single gene.

Expression of recombinant INF xeceptor seguances in

namnalian cells
To confirm that the cDMA shown in Pigure 1 indaed

encodes the TNF receptor, the cDNA vas engineered for
expression in manmalian cells. The CONA contains an ECoR?
site at position 1270 of Pigure 1. The receptor coding
ssquence was isolated as a 1300 bp EcoRI-fragment
(containing all but the last 81 codons of the cytoplasnic
domain) and inserted into a mammalian cell expression
vector containing a cytomagalovirus promoter and SV40
transcription termination sequences (11). The resulting
plasmid vas transtected into COS Gells which vers analyzed
for TNP receptor oxpression after three days. As shovn in
Figure 3, the transfected cells specifically bound
radioiodinated TNFa in a saturable and dose dependant
fashion. The population of COS calls axprassed _
approxizately 1 x 109 receptors por coll. The measured
binding affinity of recombinant receptors was 2.3 x 10941
at 4°C vhich is in close agreement vith natural raceptor on
hunan cells (18,19). The binding of 125r-TNPa(1 nM) t
these cells could be inhibited by the addition of
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unlabelled TNFa or lymphotoxin (Figure 3b). COG cells
transfected vith just the expression vector did not
signiticantly binda 1351-TNFa (less than 2% of the binding
seen with the cDNA transfection).

The extracellular domain of the TNF recsptor ls
naturally shed fron calls (1-3). To produce a similar
recombinant derivative, a stop codon preceding the
transmeabrane domaln vas engineered into the cDNA by PCR
nutagenesis. The hodified DNA vas inserted into the
expression plasmid and subsequently tranafectad into COS8
cells. . After three days, the CO8 cell media was tested for
{nnibition of TNFa binding to human U7 cells. As shown
in Pigure 4a, tha transfacted call media innibited up to
70% of the binding of TNFa. The recombinant TNP receptor
derivatlve was next tested for inhibition of TNFa
biological activity. A sensitive bioassay for TNFa is a
neasurenant of cytolysis of mouse WEHI 164 (clone 13)
cells. The transfected cell media inhibited 60% of TNFa
cytotoxicity on this cell line (Figuce 4b). Media from
mock transfactaed COS calls did not inhibit TNFa induced
cytotoxiaity or binding. These experiments demonstrate
that the recomblnant extracellular domain of the TNF
receptor is capabla of binding TNP and inhibiting its
bioclogioal activity.
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CIAINS

A polypeptide having the amino acid sequence:

w3 YNNYOX

X

L

4~ 0x

L

v

O »®» X € X w =0
N DD O D

V0 XNO

P

wWowmw3 X on

Q

K

0O ZT<anN N

b §

<Y rorroax
a X wywoeon=x

D

NDOO0DTC O XD

V.

G X N3 LEX

c

X3 W< R OR

or a derivative thercof to whioh human TNFa
binaing and vhose aminu acid sequence has a
homnlogy of 90% more with the sequence (I).
A DNA sequence vhich encodes a polypeptide aas
in clainm 1. '
A DNA sequence according to claim 2, which is:
GGG GAC AGG GAG AAG AGA GAT AGT GIG TGT
GGA AAA TAT ATC CAC CCT CAA AAT AAT TCC ATT TGC TGT
GGA ACC TAC TTG TAC AAT GAC TGT CCA CCC
GAC TGC AGG GAG TGT GAG AGC GGC TCC TTC
CAC CTC AGA CAC TGC CTC AGC TGC TCC AAA
GaT CAG GTG GAG ATC TCT TCT TCC ACA GT¢
IGT GGC TGC AGG AAG AAC CAG TAC CGG CAT
CTT TTC CAG TGC TTC AAT TGC AGC CTC TGC
CAC CTC TCC TGC CAGC GAG AMA CAC AAC ACC
GCA GGT TIC TTT CTA AGA GAA AAC GAG TaT
TGT AAG AAA AGC CTG GAG TGC ACG AAG TIG

2.
defined

3.
€TG GTC
CCC CAA
ACC AAG
cCn GGG
AcCC GCT
TGC CGA
GAC CGG
TAT TCG
CIC AAT
GTG TGC
CIS TCC
TAC CTA

4.

amino acid saqucnce.
A vector which incorporates a DNA sequence as

CCT CAC CTA

TGC CAC AAA
CAG GAT ACG
TCA GAA AAC
AAG GAA ATG
GAC ACC GIG
AGT GAA AAC
aad ACC GTG
ACC TGC CAT
TGT AGT AAC
CCC CAG ATT
A DNA sequence according to claim I, which
further conprisas a 5' sequence wvhich encodes a signal

P Q @ K
G T Y L
E 8 G S
€ R KD
C G C R
N ¢ 8 L
v e T C
C XK X @8

X NN XK W<

is capable of

degree of

claimed in any ana of claims 2 to 4 and which is capable,
when pr vid 4 in a suitable h st, of expressing tha said
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polypeptide.
6. A vector according to claim 3, which is a
plasmia.

7. A host transformed with a vector as claimed in
8 c¢laim 3 or 6. '

8. A host acoording to claim 7, which is a mammalian
cell line.

9. A process for the preperation of a polypeptide ae
defined in claim 1, which process comprises culturing a

10 transformed hoat as claimed in claim 7 or 8 undar such
conditions that the said polypeptide is expressed.

10. A pharsaceutical composition cumprlming a
pharmaceutically accsptabla carrier or diluent and, as an
active principle, a polypeptide as claimed in clain 1.

13 11. A protein which has the amino acid sequence of
the extracsllular domain of a human TNFa receptor, or a
derivative theranf to vhich human TNPa is eapahla of
binding, for use in a acthod of treatment of the human or
animal body by therapy.

20 12. A protein according to claim 11, for use in the
treatment of rhoumatoid arthritis.

13. A prutein accurding to claim 11 or 12, which is a

polypeptide as defined in claim 1.

N " atastned fnm
W|mummmme=u_rf~mr~'?;’!‘w.1. eaases 4. & Mary Cray, Kent.
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